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(54) CONTROLLER AND CONTROLLING METHOD OF ARRAY ANTENNA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform adaptive control 
of an ESPAR antenna such that a main beam is directed 
toward a desired wave and null is directed toward an 
interference wave with no need for imparting the 
incoming angle of receiving signal previously. 
SOLUTION: The controller 40 performing adaptive 
control of an array antenna unit 100 of ESPAR antenna 
comprising one feed antenna element AO and six 
parasitic variable reactance elements A1-A6 executes 
adaptive control shown on Fig. 8 based on a receiving 
signal y(t) at the time when a learning sequence signal 
included in a radio signal transmitted from the opposite 
transmitter is received by the feed antenna element AO 
of the array antenna unit 100, and a learning sequence 
signal Kt) generated from a learning sequence signal 
generator 41 and identical to the learning sequence 
signal to calculate and set the reactance value xm of 
each variable reactance element A1-A6 for directing the 
main beam of the array antenna unit 100 in the direction 




of desired wave and directing null in the direction of interference wave. 
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[0037] ±ao>m««:a^*. cfcy-«wft*^i3 

Sit^Ci:A<ftSo DOA*<0 q (q=O, 1, 

Q)'tt«axsM4u q (t) zmmrzm^ 

A^ttQ+Hifc^tfiS-r^o s m (t) (m=0, 
1, 6) \*7 >T-f<DrnmB(D7 l/^-i-m^ ArnT' 

&mzti*>m^£mL. ^/=s (t) ^mtg^iz 

s m (t) ss-rsfli'** h;ur*fe^<t-r^o 

m (t) ii. Q-t-mco^^^cDfi-^om^^-y-e 

[0 0 3 8] 



[»1 9] 

= I <hn<fi q >i q (0, (m = 0,l,».,6) 

[0039] :it% a m (0 q ) (m=0, 1, 2, 
6) it. 0(7>ft^V^0 q S^-r^ai 8(0Sm^ 

K;us (t) li. *^cD<fc5l3a-rc^A<T-^^c 

[0040] 
[»2 0] 

q=0 

[0041] 

IS2 1] a(0 q ) E [a O (0 q ), ai(0 q ) , a 2 (0 
q) , —p a 6 (0q) ] T 

fct»S** h;i>-t?fc*. »3^b, 7U-7>ftSI 

i ooou*tt«i?fc6SffflH9-y (t) i*jiwea>j:3 

[0 O 4 2] 
[»2 2] 

q=0 

[0043] ^35^^ h;uu x^ttorsfiii^y 
(t ) li. ai(D'J7^^>x^ h;uxa>H8t-eft 

[0 0 4 4] fiEU:*^<7U-7>^*«1 

o oa>jgjs$o9fflisi3ot>Ti^M-r^o d^ajettsiffi 

Lt l^M^-*->X«# r (t) I4 % ffl^ 

fiti-^y (t) lC,fcot7U-7>ft8i1 OOOR 
[00 4 5] tt*©*ft.*E7;u:f UXA-e- Jftirffiffl 

<i^y (t) *>xfl»r (t) opijjc&ias 

[0046] y (n) r (n) S««# y 

(t) r (t) «z>»ftw^ra-9- 

SSff^y (n) *->Xfl»r (n) fcOD 

[O 0 4 7] 
[»23] 
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/>» = 



|j<»M")" 



dx 



[0048] .:t\ ±##X*Hf***ft«*t*li 

[0 O 4 9] 
[»2 4] 

a* 
ac 2 

[0050] ::t\ ap n /axii'J7^^>x^ 

[O O 5 1 ] M«Bttl=J:oTffi3ffinffft£Wtttt 

( i) StOIC ftSOn (r«P*>%. nlHll<7)S«) *1 
Ix (1) (C<totifet$c ASttl^f** tD&CD^fp] 
JKBfiWttx (1) h;uic*L<»3e**L 

( i i i) *m*t? Y*)w-t5fa£m—a>i5mzi0mm.jL 
c i v) *tvJ ( i i ) i=Ror»ai*iiya-r 0 

[0 0 5 2] BL<l*aiS**tfciBJ61M»ffl3la>^o — 
£ e wiDSJSMMAStt. Hi a>{KM4 2«<MtaflI 

[00 5 3] H8IC*5^T. X^*y3fS 1 [Zfeix 

T. n = 1 iClfc^U (n0i(D5S) icfelt* 

»10)»J7^^>X^h;i/x (n) ffSKSttL 
fc'J7^^>X^ h;UO)tOfflffix (1) l:g$t§ e 
*l*T?* **rv?S 2(C*Sl>T. @8 0^-^§|j!S 
-r^liMC /^7/-^m=oa, XT-y^s 3|za3l\ 

Ts ssity (t) taser*. fLt;xf-^s 

4IZfcl^T\ ak2 3&JSlvcfiEffiHffft0n£M-* 

0>&a) p n <°>l-tt-Vr*. X^y^S 5|Zj3 

l*T, *m£lf£lt>r>^y;*>hU X-r? 



SAxrafiltaB*^*. fit, Xf'^S7l:^ 
Sflfl^y (t) SSBMEU X^^^SSlZfctN 

r. K2 3«ffli\rffiS4anffftPn«ti-*-r«. 

T% Xt-??S 9 leftist* fflSffl^^aO'JT^^> 
K;bx|COt>T(7)iS^$^-r#liaa Pn/9 x j 
Pn-Pn (0) l-^^"Cttm-r^c KtvZ? 

sio(zfci\*c. x^^^se-esas^fc'JT^^^ 

h;UCD^m^x m ^7clzM-ro fit, Xf7 

>xm=¥-A 1 7bSA6<z>aM=6<fcy 

[0 0 5 4] Xf7^S1 2|ZfclvC. ±2(DSft«S 

i icfcit&y t^£>xk^ kjuxcdmSHIx (n + 
i ) *tt*-r*. 

[»2 5] x (n + 1) =x (n) + U V p n 

[oo5 5] ni*JttK5Sfi*»9»-r*jEa)ffift 
-efcy. Wix-itu = i 5 0icis^*ti^ o x^ 

^^S13|cfclNT. n* 1f£lf"f>^lM>hU X 

i 4rzfet^r. nA^toftssttfcsniHiaN 

Si 0 0(Die-ASmMatl3[q]lt^oT^^l3^;u^ 
B It* *fc 5 l=»EM»-r * c <t 
[0 0 5 6] 4MB"** hJUOJEOJjfalZffUo 

^<ht> : 5Sf*-e$£^l4fi« : ^ , JT^^>X/<^ h;ux <t 

[0 0 5 7] »2 4ME^ h;UVp n O>ttlH-IBL 
(a) Sffify (t) 0>««l::ftl*<&. n^Jft 

l*S^TM4fcl* (»3&tfft5#i) . (b) 7U-7 

>ftgn o o oet7 >f tif a o & r;»tsi7 

[0058] *mmi&miz&i\T. SL2 4a>^m^<<7 h 
;uvp n cD«isfiii4. mmM#o>mvBi0>m&\z*&&ijsL 
mo&miz&vxmtb&tiT^Zo &iz* <jr**:>x 

x iiciir* i Bfl>«*IIRa P n /3 x jA^ 'J7^^> 
X x m ^ x m + A x m ^<t M&£t & C <h ICJ: o TfiSffi 

n«apn^^»fii^>s«**t^o 

[O O 5 9] 
[»26] 
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[0 0 6 0] CCDftK-** hVUtf>i¥ffi£S2 6 left A L 

b©Xf7^ n-1 3&^6n = N*T?l»y5iL. 

tI»ft'J7^$>X^ h^Ux (N+ i )Zm&o 
[006 1 ] »2 6/)^*Tcfc5l^ 7ls"r1-(Dftt}frZ> 

ffi^Lfc^v-^r>X{i-^r (t) 
(i=1, 2, — , N) tt**l^*U 1<t-l£fre>ft 

*g<a^>*\M=^-e&y. ^-^^p^^r (i) , 

r (2) , ■-, r (N) a>**f?*ltts g!80Xf^^ 

ss^bXf'^si i ^-(?<7>;u— ^(c^ix-c. ffiH^ 

= 6) (D^^tt^-r^^AieM+i isi-ro^yii*4x 

V r ( i ) 0>&££&^£-f & 0 ::t\ M + 1 m<to"T 

(t) t. Mmomwi&fCDgimm^y (o ssggsT* 

T% ^v-^>X(l#r (t) liPx (M+1) xN 

[oo6 2] fcUiift^Ltccfcdi^ *%nr::ff«xtt& 

■C^^titf. 5S^]^i^zi>hP-7 4 0li. mPS!4 
2lz,fc£fc«ffitI£M«rT*Wl^ ffi*ft<D3HE«^e> 

IBTU-TV^^-^gl 0 0(Dtel7>ftITAO!C 
«fcyS«Lfcfc*a>S««»y (t) ±IB^B->- 

t-H4*hfc?Si/-^>XS§r (t) 

X % B8 0D3iii6««*31«fT'r*Zi:r=J:y±IBTU 

-7>ftSi1 0 O0>^e-A^fiFrM^a>*lp]lcfp3lt 

2, ■», 6) Sff-ELTSUrT*. Sot, *HJS^ft§ 
^*lRll*f*«fe5lcffiJSSiJS-r-5ci:^-xf#* 0 

[0 0 6 3] <£^>&±(&^^ICfcl^Tli. 6 
*0&lj&apl£ 'J7^^ A 1 MA 6 £JBINT 

-T >ftttMNWttlfHi:mr«: £ *<T- 



i=KS**tr. tet7>fti^ Ao^b m&o>smt£ 

>Xi^A 1 ^MA6f=»-r*MHIdtt-ST»ft<Tti 
[0064] rF*'J7**>X*^2 3I«T£ 

|::#fite(0BS§iSt^ft<7>T*. 'JT^^>XfiSI*^lcfi(^ 

fitft^o ft*>\ a i <D»ffi«-ei*. -f>e— i sr>xz 

BO>ttti:pT*J:<. Z0)tc!b\z\t. Willi rT*M 

tL<ii, #B»**7©****y*< -Tactic* 

[0 0 6 5] Ja±(D*HJfi^SaiCfclxTI*. S«L«)lBft 

tt-til:ibf, tt©B**flilvC*,J:l\, *<B0tf£ L 
T, 2*BSS*££&IMRS*l=oi*TR9J-T«. 2 
BB£**a>mBkl±. *SCc«S*lS. 
[o o 6 6] 

[»2 7] J=E [| r' (t) -y ' (t) | 2] 

[oo6 7] :zt\ I • I i±ttXfta>e*H)t«*u 
e C-3-l*r>*>^;uTJ**«-T. Sfc. SflHR«y 

(t) *t«fcW5/-*>X«#r (t) 14. 9&0>Zk 
[0 0 6 8] 

[»28] y' (t) =y (t ) / | y ( t ) | 
[»2 9] r' (t)=r(t)/|r(t)| 
[0 0 6 9] 2MH«OlWUtill^i« 1 B 

JSHWS3>hn-^4 0li. BffiBRffi Jtfft'htft 

■**3I=BJ6M»-T*. 
[00 7 0] CMA7^i'jXA$iL^aS5 

[00 7 1 ] 

[&3 0] J = E [ | | y ' ( t ) | 2-1 | 2] 

[0072] CC-et9MHI«y(t) ttmzBtnc 
y' (t) |zJ:oTjEB1b«4lTl^«. C 
i/-^r>xgf r (t) tt^FK-e***^ Sflfl-sfc&S 

<t ft a cfc O ft -r A T* L ffl r* # ft 
l\> -€-*Lli. MftMlrliFM. BPSK, QPSKf© 

ffiHa^fflLNfci:^. iSJ^»JS)S=>>hP-^4 0li. 

^KO4 0lz.fcya«Lfci:*a>a««#y (t) leg 
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[oo7 3] &L±<Dmfoi&mizt$^T\*. 

Xm^r (t) r (i) 

(1=1, 2, — , N) li, v>^l/SP=1 0T*ib§ 

[O O 7 4] 

[OO 7 5] TXs—T^-y^m.^ 0 Ofr t>(DfcJb;*mgi 

izei+*»ff3wo>#« (a3M»5#i) (4. 

te©**r»l=IBS6-r £ c: t SBIW * - <t t>*v 
— : >3>T?I4. (6 + 1) I^xx/^7>ftt«S 

*tifc7u-7>ftgf i oo^ffliti^o *&m 

7>f tIT A OX^l'J 7^7 ^ ^Xf^ A 1 
A6l*^H^A/4fiO^Ey 7K-;ufSt^T*fc&o 
14. ±T©SI*«#u Q (t ) (q=O f 1, Q) 
0>/<y-£ 1 tfcSJ^IzSRLfCo /-<X(4*l^<D 

*y*<Di>>7tOuSl4. p=i oirlfe^^^fco 

[oo7 6] a*i>*fSiANP,2oa>fi^#^-r 

-e&^ffi^iccfcy o d B-efc&o n = 8 
ooosi^it ggizTj^ckai^ e-Ai^mM-r^ 

§§0)0* lCfS]ltt>*V 1 3 5° lzt$\-t&T&& 

8. 2 6 d Boaaas i R*<ims4x£o si 014. m 

[»3 1] P (M+1) N=10x (6+1) X800 
=56 000 

[00 7 7] 5O0»*fflWWt*»*tO 
txr%^-r^>o Cnb05lJ3fEfl-^<7)DOAli [0° f 4 
0° , 55° , 2 20° , 305° ] T*&y. 1 

T. -6. O 2 d BOARDS I R**LTl*4. filRltt 

i iMii 5iz7F-r 0 Hffii***L-f*L. 

BrM3Mfr&*<0* , 4 0° , 5 5° , 2 2 0° , 30 5 



*L9. 09dB, -1. 4 1 d B, 2. 67dB, 2 
0. 03dB, 1 0. 2 8dBT'Mo Si 2;RtfSl 

3i4, 4 0° £5 5° <Dm<Dftmo>#mtfWfrx-&z>m 
^it^^o mm^itt&e—^tuv. «fey«t>fii(D 

tb^S I Rl4ttt££«T£-fc!-6o CiZT*. Si 2XI/S 
i 3fr£l4. Z<D£?\zmfrti:n&#moi%t;X'i>. x 

57U-7>ftgH OO^ffiffl^l4^F^S*3S 

S I R*m (IP*. tll*i:A*i:<DS I Ri) 
^ : &>^ft4. 6 O d B&Z/8. 6 9 d BfS)Jl-r?#^ e Si 
1 75^S 1 5<bZtLt><D/<$ — >I4. N=1 0000)5: 

»I4. -&ft (7X1 04) -Cfc^ 0 Si 614. S1 1fl) 

[00 7 8] Si 1 iZTjztStltz&^yOisS* I* 

— i*a>tn— ODOA&tfAJlS I R$ttl)5^ 

bit (n = i oo) nztTt&o si 7*<^*r«fc3(c. 

DOA (■J-ftfc*40*- f 55° , 220° W3 0 5 

£rl*JEtt[sJ8&-CffcoTt. 6. 5 8 d BtDfcb^S I RI4 
#fct5t:&**LTl>&o SI 8(4. Si 7 0>«lRl1£/<* 

[0 0 7 9] l^/^7>ftOfti*lffl* 
*U ^o5SJSfit,|z$iJffl)^^^7'U-T> J r^-SMl 0 0 
0)&JlS I Ra>tt«-,»ttttlzOl*T%SFr*. Si 9 

(N = 4O0i^) &tfH2 O (N = 1 0000t§) 

i4. zx-mztizmtis i R*^«go)4xbiifcia 

z^g^^^Pr (Z^z) £*LTl*£ P C;h,£<& 
S®lcii^)^ttSlcKLTI4. WM**ifcfi*§-l4flfiO 
• frt>IiJ3fe-r<5>iCD<h U fMi^DOAliO 9 75 
535 9° ©BIT?- «(C^>5fAT?a&*«fc3(=»£U 
Tl*4. C*t&0>ttW-ett. 1 OOO-b'; KODOAj 

2 ? 3 3ttf 4 0)^— XA<»A^*tTl^* 0 C*tbO>ffl®* 
^aS^-r^AMroiNTOWi: LT. S2 0I4. Q = 4 
COli^lZ. C<DillS^r>5 L ^-^>S:< <t t 2 0 d B<7> 
fcH^S I R ("Et^^ttli 2 6. O 2 d BOS I R5flJ 

ft) £ s o%a>«*-t»«feRTSB-r?ft*'cts$KLrt^ 
^ e si 9 < tS2o^it^-r^ < b. <ty*i^(Sisi» 

*HJ6^®(DTU— 7>ft8t1 OOOffi^S I 
[0 0 8 0] felJit?K^LfcS^<DSJ^*5ffliT;ua*yX 
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^^-Oa^*il^^tltr7U-T>ir^fi1 0 0<Z>m 
^<it»26dB0)SI R?Jft£8 0%a>fi»T?tttt 

[008 1 ] 

[ft9J0>*&£] &±B»Lfc«fc5lc**MI=«*7U— 
7>ftO«Wil:J:*ilfc «a«©iX/<7>f 

Xfll^tt^LTlfe^-r^o tot, /v5;Uh-T>^S 
fflt^fc«*«lritKLT. RrMtta>BI*fljK«t*fi|-Ci 
flf MiftlcS: tr— A * A IfftioTMfcK: S flit * J: 5 
r=BjetWrr«C /\5;u h-7>£ 

[0 0 8 2] a»7L/-7>ftO)a»Sfli. Wx. 
*>PDAO)J:a«:«*«»^«E»^»JB-e*y. 

-c<z>*wsmRrau 7*$^x*mu»s»xi*k»*^ 
[Hi ] *«nizflk«mt»fli-eft«7.u— 7>T-i- 

[i2] Bl0)7l/-7>ft8t1 0 0©*«$* 

[03] B1 ©«U7>ft»AO©Dt**« 
stHTr**,, 

[H4] Hi 0>&&j&ttpJ£U7^£ >X*T-A 1 
A 6 ©fcj££^-r«HCBI 
[H5] i207L/-7>ft8I1 OOCDPSB^^ 

Br@HTrfe&o 
[H6] Hl07L/-7>ftgl1 OOOiA^S 

[07] Bi©*ii/-^>x«t«±S4 1 ICcfco 

XHT*fc£> 0 

[18] Hi <DjSIC1BI»3> hP- ^4 OfZj=oTH 



[19] Hi 07U— 7>^t"©1HWS&ft<D*>5iU 

[Hi o] H9o>»iRitt/<*->t»fct*a>. 

Eft n iCtt-T «ffiS«IBff ft P n O«Wtt*ty? 
[11 1] Hi (07 U— 7>^(D«»S£«<DS/5i 

[Hi 2] HKD7U— 7>^©1H»SI*a>->5i 

i/-v3>esi?ft^t, fi-^ag*<5-z>T*4 o° ^fpj^ 

[Hi 3] Hi (D7 L>—7>^'t<Dn®&W<Di'S.^ 
U->3>tS*tfcoT, (B*aB3b<5 0-e5 5° TjIrI* 

[H1 4] Hi <D7U— 7>^<BSlJ»Kfi<&v5i 
>3>IS*-e*oT. (i#3l7b^5 0T*2 2 0° 73 14 

[HI 5] HI 0)7 U— 7>^-*-0>1H»SHtta>*>5a. 
U— *>3 >tt*tfc-3T* fI^-3^^5 0-e3 0 5° .7jIrI 

[Hi 6] Hi 1 — >*»fcfc*<JX S 

[Hi 7] 1 1 07 L/-7 >f y = a 

[hi s] hi 7 o>mft i &'<*—>$mzt£<D* & 

«BI*n(=»-r*«E«Blff»Pn«>Jtt*»tt**-ry 
77t'fc|) 0 

[Hi 9] Hi (D7U— 7>t l ^-0$<1WSMT:. 

[12 0] @10)7U-7>fta)|iJffiIgit% Sffi 
Hfttfl OOOlnIT*&4i:^a)t{373S I Rjb««tt<DfiI* 

A0-fei7>ftl^ 

A 1 ^jIA 6 — ftlfeftWft 'J 7<7 $ 

R— «Su 
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t$m2 O 0 2-1 1 8 4 1 4 



1 o-SSS(t*«. 
1 i -ftJMMt* 

1 2, i 3-x;u— 7fx-;uS(*. 

2 o»^«fflWHiy-^ 
2 i -*iMM*. 

2 



2 3 -pI^'JT^^>X*^ 

3 5-KJB»S«»* 

4 o-iemiis > h □— 7. 

4 i -¥Si/-y>X{|§nm 
4 2-M1, 

1 0 0-7L/-7>ftSto 



[ill 

AO 




OttM- 



40 
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[09] [011] 




270° 270° 
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II 4] 



II 5] 



fmgj6 :220* 

IT^E : 0° 40t 55* 305°. 



[£fe^SlR=2QD3dB 



N- 1 0 0 0<r>B$<Dj§|S]tt-** - v 



f3rM5£:305 p . 



fAaSlR =-6.02dB 




II 6] 



II 7] 



as 



N=1 QOo>fta>ftfa&,<i* - v 

55^ :< ^«p - • fAasiR =-6X>2dB 
.=F^:4tf f 5rf,220,305 [iiJ^JS I R= 6w58dB 




270° 
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[B1 8] 




EttERn — - 



[01 9] 
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(51) lnt.CI.7 
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(72)^B^# 4t« ■** 
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